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(g) Amplifying circuit. 

@ An amplifying circuit of the invention comprises : a high frequency amplifying circuit (3) for 
amplifying high frequency ; a low frequency amplifying circuit (4) for amplifying a low frequency ; input 
filters (6, 8, 10, 11) which are provided on the input side of the respective amplifying circuits (3, 4) so as 
to pass the frequency components thereof ; output filters (7, 9) having the same characteristics as those 
of the input filters ; and an adding circuit (5) for adding outputs of the output filters. Therefore, an 
output dynamic range of the whole amplifying circuit is equal to the sum of the dynamic ranges of the 
respective amplifying circuits, so that a large output which is not distorted even if a sound volume is 
raised is derived. By providing a matching filter (12) on the input side of the low frequency amplifying 
circuit (4), even if the low frequency side output filter (9) which needs a large coil is omitted, the 
frequency characteristics of the output of the adding circuit (5) can be made flat and the amplifying 
circuit of a small size and a less distortion can be realized. 
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BACKGROUND OF THE INVENTION 

The invention relates to an amplifying circuit of an 
audio reproduction signal or' the like including fre- 
quency components in a range from a low frequency 
to a high frequency. 

In recent years,, in portable audio apparatuses, 
the size and weight have been more and more 
reduced and the realization of a high fidelity (Hi-Fi) of 
the audio apparatus is required together with the reali- 
zation of a small size and a small electric power con- 
sumption of a battery ^ 

To meet the above requirements, for instance, a 
conventional amplifying circuit is constructed as 
shown in Fig. 1. 

In the diagram, when a reproduction signal is sup- 
plied from an input terminal 22, the reproduction sig- 
nal is amplified by an amplifying circuit 21 by an 
' amplification gain which is determined by gain setting 
resistors 24 and 25. After thai the amplified signal is 
generated from an output terminal 23 through a cou- 
pling capacitor 26 and a resistor 27. In such a conven- 
tional amplifying circuit 21, as shown in Fig. 2A, an 
input signal M of the amplifying circuit 21 is amplified 
within a range of an output dynamic range D as shown 
in Fig. 2A. 

However, such a conventional amplifying circuit 
has a problem such that in the case of amplifying a 
signal of, particularly, a' music source having fre- 
quency components in a range from a low frequency 
to a high frequency, as shown in Figs. 2A and 2B, in 
spite of the fact that a power source voltage d exists, 
the amplifying circuit has only an output dynamic 
range D from which a circuit using region C has been 
subtracted, so that when a sound volume is raised, as 
shown in Fig. 2B, a high amplitude portion, of the 
amplified signal reaches the upper or lower limit of the 
output'dynamic range D and is distorted. 

SUMMARY OF THE INVENTION 

In consideration of the above conventional prob- 
lems, it is an object of the invention to provide an 
amplifying circuit which has a dynamic range larger 
than an output dynamic range of the circuit that is 
decided by a power source voltage and in, which no 
distortion occurs in the high amplitude. portion of the 
amplified signal. . 

To solve the above problems, an amplifying cir- 
cuit of the invention comprises: a high frequency 
amplifying circuit to amplify a high frequency compo- 
nent of a reproduction signal having frequency com- 
ponents in a range from a low frequency to a high 
frequency; a low frequency amplifying circuit to 
amplify a low frequency component of the reproduc- . 
tion signal; an input filter provided on the input side of 
each of the amplifying circuits so as to pass the fre- 
quency component of each amplifying circuit; an out- 
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; put filter which is provided on the output side of each 
of the amplifying circuits and has the same character- 
istics as those of the input filter; and an adding circuit 
to add outputs of the output filters, wherein the 
amplified reproduction signal including the frequency 
components in a range from a low frequency to high 
, frequency which have been added by the adding cir- 
cuit is directly added to an electro-acoustic converter. 

. On the other hand, an amplifying circuit of the 
invention comprises: a high frequency amplifying cir- 
cuit to amplify a high frequency component of a repro- 
duction signal having frequency components in a 
range from a low frequency to a high frequency; a low 
frequency amplifying circuit to amplify a low frequency 
component of the reproduction signal; an input filter 
arranged on the input side of each of the amplifying 
^circuits so as to pass the frequency component of 
each amplifying circuit; an output filter on the high fre- 
quency side which is provided on the output side of 
the high frequency amplifying circuit and has the 
same characteristics of those of the high frequency 
input filter; a matching filter provided in a low fre- 
quency amplifying circuit system as a filter to match 
with the filter of a high frequency amplifying circuit 
system; and an adding circuit to add outputs of the 
amplifying circuit systems, wherein the amplified 
reproduction signal including the frequency compo- 
nents in a range from a low frequency to a high fre- 
quency which have been added by the adding circuit 
. is generated.. 

The high frequency band and the low frequency 
band are respectively independently amplified by the 
n .'Sl h . frequency am plifying circuit or the low frequency 
, amplifying circuit in a range of the dynamic range of 
, each amplifying circuit and the amplified outputs are 
- ^! ded by the adding circuit without using the mutual 
: amplifying circuits as loads. Thus, a large output in a 
large ; output dynamic range to which the dynamic 
. range of ..each amplifying circuit has been added is 
derived without a distortion. ; 

.In the case of omitting the output filter of the low 
frequency . amplifying .^circuit, the low. frequency 
amplifying circuit serves as a load when it is seen from 
the high frequency amplifying circuit side, so that the 
^oubput level of the high frequency band decreases. 
..However, since the nigh frequency amplifying circuit 
d . oes J P'* .become a load when it is seen from the low 
frequency amplifying circuit side, a circuit having a 
,. large dynamic range in only a low frequency band can 
be, constructed, . 

-However, since the frequency characteristics are 
not flat, a matching filter needs to be inserted to the 
input stage. 


55 BRIEF DESCRIPTION OF THE DRAWINGS 

v Fig. 1 is a circuit diagram of a conventional 
amplifying circuit; 
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Figs. 2A and 2B are waveform diagrams in the cir- 
cuit of Fig. 1; 

Fig. 3 is a block diagram of an amplifying circuit 
in the first embodiment of the invention; 
Fig. 4 : is a frequency characteristic d iagram of the 5 
circuit of Fig. 3; \. 
Figs. 5A to 5D are waveform diagrams at respec- 
tive points in Fig. 4; i " * 
Fig. 6 is a block diagram of an amplifying circuit 
according to the second embodiment;' ' 1 o 
Fig. 7 is a frequency characteristic diagram of the 
circuit of Fig. 6; -'** J 
Figs. 8A and 8B are explanatory diagrams of the 
frequency characteristics of Fig. 7; ■ ■ : ' : '* 
Fig. 9 is a practical circuit diagram of the second 15 
embodiment; " ' f 

Fig. 10 is a block diagram of an amplifying circuit 
in the third embodiment; and 
Fig. 11 is a frequency characteristic diagram of 
the circuit of Fig. 10.' 


DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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Fig. 3 is a block diagram of the first embodiment 
of the invention. 

In the diagram, when a reproduction signal of an 
audio reproducing apparatus or the tike is supplied 
from an input terminal 1, a high frequency component 
in the reproduction signal is amplified by a high fre- 30 
quency amplifying circuit system H and a low fre- 
quency component is amplified by a low : frequency 
amplifying circuit system L. The high frequency 
amplifying circuit system H comprises: a high fre- 
quency side input filter 6 to pass only the high* fre- 35 
quency component; * a high frequency amplifying 
circuit 3 provided at the post stage of the high fre- 
quency side input filter 6; and a high frequency side 
output filter 7 which is provided at the post stage of the 
high frequency amplifying circuit 3 and has the same 40 
characteristics as those of the high frequency side 
input filter 6. Oh the other hand, the low frequency 
amplifying circuit system L comprises: a low fre- 
quency side input filter 8 to pass only the low fre- 
quency component; a lowfrequency amplifying circuit 45 

4 provided at the post stage of the low frequency side 
input filter 8; and a low frequency side output filter 9 
which is provided at the post stage of the low fre- 
quency amplifying circuit 4 and has the same charac- 
teristics as those of the low frequency side' input filter so 
8. An output of the high frequency amplifying circuit 
system H and an output of the low frequency amplify- 
ing circuit system L are connected to an adding circuit 

5. Those two outputs are added by the adding circuit 

5 and an output of the adding circuit 5 is generated' 55 
from an output terminal 2. 

A function of the filter used in each of the amplify- 
ing circuit systems will now be described. 


First, the high frequency side input filter 6 and the 
low frequency side input fater 8 produce frequency 
characteristics of H f and Lf in Fig. 4. The high fre- 
quency side output filter 7 and lowfrequency side out- 
put filter 9 are provided to prevent that the outputs of 
the high frequency amplifying circuit 3 and the low fre- 
quency amplifying circuit 4 are largely attenuated 
because one of the amplifying circuits becomes a load 
for the other one when the outputs of the amplifying 
circuits 3 and 4 are added by the adding circuit 5. That 
is, the high frequency side output filter 7 functions so 
that the high frequency amplifying circuit 3 doesn't 
become a load of the output of the low frequency 
amplifying circuit 4. The low frequency side output fil- 
ter 9 functions so that the lowfrequency amplifying cir- 
cuit 4 doesn't become a load of the high frequency 
amplifying circuit 3. The frequency characteristics of 
the output signal of the adding circuit 5 which is sup- 
plied to the output terminal 2 become flat as shown by 
frequency characteristics F 0 in Fig. 4. 

In the above construction, now assuming that a 
reproduction signal M, including frequency compo- 
nents from a high frequency to a low frequency within 
a range of a dynamic range Dj of the circuit as shown 
in Fig. 5A has been supplied to the input terminal 1, 
the amplifying circuits 3 and 4 of the amplifying circuit 
systems H and L can amplify a high frequency band 
signal M H and a low frequency band signal M L as 
shown in Figs. 5B and 5C until dynamic ranges D H 
and D L of the operating voltages of the amplifying cir- 
cuits 3 and 4 on the basis of the frequency character- 
istics shown in Fig. 4 mentioned above, respectively. 
After J the signals were amplified, by adding the 
amplified signals by the adding circuit 5, an output sig- 
nal M a can obtain a large amplitude in a range of an 
' output dynamic range D a of the sum of the dynamic 
' ranges of both of the amplifying circuits as shown in 
Fig. 5D. Since the high amplitude portion doesn't 
reach the upper limit or the lower limit of the dynamic 
range D a , the output signal is not distorted. A load 
such as a speaker or the like can be driven, by such 
an output signal. 

Fig. 6 shows the second embodiment of the 
invention. 

' In Fig. 6, each of the hi^h' frequency amplifying 
circuit system H and the 1 6w frequency' amplifying cir- 
cuit system L shown in Fig. 4 is constructed by a nega- 
tive feedback amplifying circuit. In the high frequency 
amplifying circuit system H, a negative feedback cir- 
cuit which determines a gain of the high frequency 
amplifying circuit 3,'and a high frequency side input fil- 
ter 10 are commonly used. On the other hand, in the 
low frequency" amplifying circuit system L, a negative 
feedback circuit which decides a gain of the low fre- 
quency amplifying circuit 4, and a low frequency side 
input filter 11 are commonly used. In the low fre- 
quency amplifying circuit system L, the lowfrequency 
side output filter 9 is omitted, a matching filter 12 is 
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provided on the input side of the low frequency 
amplifying circuit 4, and a low frequency emphasizing 
filter 13 and a change-over switch 14 are arranged in 
parallel with the low frequency side input filter 11. A 
volume 1 5 is arranged among the input terminal 1 , the 5 
high frequency amplifying circuit system H, and the 
low frequency amplifying circuit system LI Outputs of 
both of the amplifying circuit systems H and L are 
added by the adding circuit 5 and an output signal of 
the adding circuit 5 is generated from the output ter- 10 . 
minal 2. 

In the above construction, the functions of the low 
frequency emphasizing filter 13 arid the matching fil- 
ter 12 will now be described. 

When the changeover switch 1 4 is turned on, the 15 
low freq u en cy compone nt wh ich h as pass ed th roug h 
the matching filter 12 is emphasized by the low fre- 
quency emphasizing filter 13. Frequency character- 
istics L fa of the low frequency amplifying circuit system 
L shown in Fig. 7 are changed to frequency charac- 20 
teristics L^. In the frequency characteristics as a 
whole amplifying circuit, therefore, the frequency 
characteristics of the high frequency amplifying circuit 
system H are held to H f and don't change, so that the 
frequency characteristics are changed from Foa to F^ 25 
and the low frequency is emphasized! 

The matching filter 12 will now be described. 
Fig. 8 A shows characteristics H„ on the output 
side by the high frequency side input filter 10 of the 
high' frequency amplifying circuit system H and 30 
characteristics H fo on the output side by the high fre- 
quency side output filter 7. A slope of a level change 
between frequencies f, to f 2 in the case of the charac- 
teristics H fo is larger than that in the case of the 
characteristics Mr. 35 

Fig. 8B shows characteristics l_n on the output 
side by the low frequency side input filter 1 1 of the low 
frequency amplifying circuit system L and character- 
istics U' on the input side of the adding circuits. Since 
the low frequency side output filter doesn't exist if the 40 
matching filter 12 is not used, slopes of the level 
changes between the frequencies f x to f 2 for the 
characteristics U, and are equal. However, when 
an output of the high frequency amplifying circuit sys- 
tem H having the characteristics Ha arid H fo and an , 45 
output of the low frequency amplifying circuit system 
L having the characteristics Ln and Ly are added by 
the adding circuit 5, the frequency characteristics of 
.the output signal of the adding circuit 5 are not flat 
since the level of the high frequency is high. By insert- _ so 
in'g the matching filter 12, therefore, the character- 
istics U' shown in Fig. 8B are changed to When 
the output of the high frequency amplifying circuit sys- 
tem H and the output of the low frequency amplifying 
circuit system L are added by the adding circuit 5, an 55 
output having flat characteristics'such as Foa shown 
in Fig. 7 is obtained. 

Since the low frequency side output filter has 


been omitted in the second embodiment the high fre- 
quency side output filter 7 nj notions so that the high 
frequency amplifying circuit 3 doesn't become a load 
of the output of the iow frequency amplifying circuit 4 
in a manner similar to the case mentioned above. 
However, since the low frequency side output filter 
doesn't exist, the low frequency amplifying circuit 4 
becomes a load for the high frequency amplifying cir- 
cuit 3. Thus, although the gain of the high frequency 
amplifying circuit 3 is dropped, by dropping the ampli- 
fication gain of the low frequency amplifying circuit 4 
by only an amount corresponding to the dropped gain 
of the high frequency amplifying circuit system H. the 
flat gain of the output of the adding circuit 5 is realized. 
Upon emphasis of the low frequency band at the turn- 
on of the change-over switch 14, the low frequency 
amplifying circuit 4 generates an output signal by a full 
. gain! In the above case, the gain of only the, low fre- 
quency band is emphasized as shown by the charac- 
teristics Lft, in Fig. 5. In the above case, the gain of the 
. low frequency amplifying circuit 4 is set in a manner 
such that the signal is amplified within a range of the 
output dynamic range and no distortion occurs even 
if the low frequency band is emphasized. 

Fig. 9 shows an example of a practical circuit in 
the second embodiment 

In the diagram, the high frequency side input filter 
1 0 which is also commonly used by the feedback cir- 
. cuit is constructed by resistors R, and R 2 and a 
capacitor C v The high frequency side output filter 7 is 
constructed by a resistor R 3 and a capacitor C 3 . 
. . The low frequency side inputfilter 1.1 which is also 
ppmmonly.used by the feedback circuit is constructed 
by resistors R 5 and R« and a capacitor C 4 . The match- 
ing .filter 12 is constructed by } a resistor R,, and a 
capacitor C^. The low frequency emphasizing filter 13 
.is constructed by a resistor R e and a capacitor Ce- 
Further, the adding circuit, 5 is constructed by resis- 
tors' R 3 and R 7 ,. The resistor R 3 is also commonly used 
, for the high frequency side output filter 7. A capacitor 
C 5 is. a coupling capacitor oh the output side of the low 
frequency amplifying circuit 4. . . T . , 
, The operation of the circuit with the. above struc- 
, lure is the same as the operation in the second embo- 
diment .shown in Fig. 7. and its detailed description is 
omitted. 

. According to the practical second embodiment 
shown in Fig. 9, the circuit can be miniaturized as a 
whole. .That is, in the first embodiment shown in Fig. 
. 3, in the case of constructing the low frequency side 
output . filter 9, a large coil is necessary and the 
characteristics are distorted by the hysteresis by the 
coil. However, in the case of adding an output filter on 
. the low.frequency side in the structure of Fig. 9, the 
filter 9 can be constructed by a filter circuit comprising 
a small capacitor and a resistor, so that the filter circuit 
can be formed in a small space. 

The third embodiment of the invention shown in 
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Fig. 10 will now be described. In Fig. 10, a middle fre- Claims 
quency amplifying circuit system S is connected in 
parallel with the construction of the first embodiment 
shown in Fig. 3. That is, the reproduction signal which 
is supplied from the input terminal 1 is separately 5 
amplified with respect to three low, middle, arid high 
frequency components. 

In the diagram, the middle frequency amplifying 
circuit system S comprises a middle frequency input 
filter 17, a middle frequency amplifying circuit .16, and 10 
a middle frequency output filter 18. 

In the above structure, when a reproduction sig- 
nal is supplied from the input terminal 1 , the high fre- 
quency component in the reproduction signal is 
amplified by the high frequency amplifying circuit sys- 15 
tern H having characteristics H f in Fig. 11 , the middle 
frequency component is amplified by the middle fre- 
quency amplifying circuit system S having character- 
istics Sf in Fig. 11, and the low frequencycqmpiohent 
is amplified by the low frequency amplifying circuit 20 
system L having characteristics L, in Fig. 11 . Outputs 
of the amplifying circuit systems H, S, and L are added 
by the adding circuit 5, so that an output signal haying 
flat characteristics as shown by F 0 in Fig. 11 is sup- 
plied to the output terminal 2. Since the output 25 
dynamic range is equal to the sum of the dynamic 
ranges of the amplifying circuit systems of the high, 
middle, and low frequencies, the output dynamic 
range can be remarkably enlarged than the case of 
the first embodiment shown in Fig. 3. ' v 30 

In the example of Fig. 10, the frequency. band of 
the reproduction signal has been divided into three 
high, middle, and low frequency bands. However, a 3. 
similar effect is also obtained even when the fre- 
quency band of the reproduction signal is further 35 
divided into four or more frequency bands. ' 

' As described above; according to the amplifying 4. 
c iircu it of th e i n ve ntio n , the h ig h f reque ncy component 
and the low frequency component in the reproduction 
signal are respectively amplified by the high fre- 40 
quency amplifying circuit and the low frequency 
amplifying circuit and are added by the adding circuit. 
Therefore, the output dynamic range of the whole 
amplifying circuit has a large value corresponding to 
the sum of the dynamic ranges of the amplifying cir- 45 
cuits. A large output is derived without being distorted 
even for the high amplitude portion of the reproduction 
signal. 

By providing the matching filter for the low fre- 
quency amplifying circuit system, even if the low fre- so 
quency side output filter which needs the coil is 
omitted, the frequency characteristics of the output of 
the adding circuit can be made flat and an amplifying 
circuit of a small size and a less distortion can be pro- 
vided. ' ' 55 


An amplifying circuit comprising: 

. a high frequency amplifying circuit (3) for 
amplifying a high fiequency component of a 
reproduction signal having frequency compo- 
nents in a range from a low frequency to a high 
frequency; ... 

a low frequency amplifying circuit (4) for 
amplifying a low frequency component of the 
reproduction signal; 

"input filters (6, 8, 10, 11) which are pro- 
vided on the input side of said respective amplify- 
ing circuits . so as to pass the frequency 
components of the amplifying circuits; 

output filters (7, 9) which are provided on 
the output side of the amplifying circuits and have 
trie same characteristics as those, of the input fil- 
ters; arid . 

an adding circuit (5) for adding outputs of 
the output filters (7, 9), 

wherein the amplified reproduction signal 
including the frequency components in a range 
from the low frequency to the high frequency 
which have been added by the adding circuit (5) 
is directly supplied to an electro-acoustic con- 
verter. 

An amplifying circuit according to cjaim 1, whe- 
rein at least three circuits (3, 4, 16) of amplifying 
circuit systems are provided. 

An amplifying circuit according to claim 2, whe- 
rein the low frequency side output filter (9) is con- 
structed by connecting a capacitor and a resistor. 

An amplifying circuit comprising: 

a high frequency amplifying circuit (3) for 
amplifying a high frequency component of a 
reproduction signal having frequency compo- 
nents in a range from a low frequency to a high 
frequency; 

a low frequency amplifying circuit (4) for 
amplifying a low frequency component of the 
reproduction signal; 

input filters (6, 8, 10, 11) which are pro- 
vided oh the input side of said amplifying circuits 
' so as to pass the frequency components; 

high frequency side output filters (7, 9) 
which are provided on the output side of the high 
frequency amplifying circuit (3) and have the 
same characteristics as those of the high fre- 
quency input filters; 

a matching filter (1 2) which is provided in 
the low frequency amplifying circuit system (L) as 
a filter to match with the filters of the high fre- 
quency amplifying circuit system (H); and 

an adding circuit (5) for adding outputs of 
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said amplifying circuit systems (H, L), 

wherein the amplified reproduction signal 
including the frequency components in a range 
from the low frequency to the high frequency 
which have been added by the adding circuit (5) 5 
is generated. 


5. An amplifying circuit according to claim 4, whe- 
rein the matching filter (12) is provided on the 
input side of the low frequency amplifying circuit 10 
(4). 

6. An amplifying circuit according to claim 4 or 5, 
wherein again of the low frequency amplifying cir- 
cuit (4) is set so as to suppress the signal by only 15 

, an amount of the output which is attenuated upon 
addition since the output of the high frequency 
amplifying circuit <3) becomes a load and a filter 
(13) for emphasizing the low frequency and a 
change-over switch (1 4) to switch the operation of 20 
said filter (1 3) are provided for the low frequency 
amplifying circuit system (L), thereby emphasiz- 
ing the low frequency band. 


7. An amplifying circuit according to claim 4, 5, or 6, 25 
wherein the input filters (10 ( 11) are constructed 
so as to be also commonly used by feedback cir- 
cuits of the amplifying circuits (3, 4) and constants 
of said input filters are set 
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FIG. 5A 
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FIG. 6 
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FIG. 8A 
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